Smallholder maize (Zea mays L.) farmers cannot cope with the high and ever increasing prices of fertilizers, resulting in continuous low grain yield, chronic food shortage and insecurity. Cheaper, sustainable alternatives of improving soil fertility are being sought. The influence of Tithonia diversifolia (Hemsley) A. Gray and fertilizer application on maize yield was studied on N and Pdeficient Alfisols and Ultisols in western Kenya. An on-farm trial, consisting of six treatments: farmer's practice, N (60 kg ha ), arranged in a Randomized Complete Block Design, with five replications in each soil type was set-up during wet and dry seasons of 2006. During the wet season, Alfisols gave about 80% more grain yield compared to Ultisols. Treatment comparison within Alfisols indicated that tithonia had a 102% yield advantage over farmer's practice; but optimal fertilizer, NPK, NP and N had yield advantage of 56%, 6%, 4% and 4%, respectively, over tithonia. Apart from optimal treatment, all other fertilizer treatments were not significantly different (P‹0.05) on grain yield. Within Ultisols, tithonia had a 96% grain yield advantage over farmer's practice; treatments optimal fertilizer, NPK, NP and N had yield advantage of 76%, 25%, 10% and 7%, respectively, over tithonia. Again NP and N were not significantly different (P‹0.05) from tithonia on grain yield. During the dry season, Ultisols gave 17% more grain yield than Alfisols. Comparison within Alfisols indicated that tithonia had a yield advantage of 30%, 30%, and 13% over N, NP and NPK, respectively. However, optimal treatment had a 4% yield advantage over tithonia. Within Ultisols, tithonia gave higher yields compared to N, NP, NPK, and optimal fertilizer in the tune of 36%, 18%, 7%, and 7%, respectively. This study concludes that use of tithonia not only enhances productivity on acidic soils, but also has a higher cost benefit compared to commercial fertilizers. However, there is need to devise methods of biomass accumulation and safe storage to enable farmers access sufficient amounts for application at sowing time.
INTRODUCTION
Maize (Zea mays L.) is the most important staple food crop in Kenya. It is estimated that about 1.6 million hectares of land are under the crop annually with 80% being grown by smallholder farmers (Mills et al., 1994; Mureithi et al., 2006) , majority of whom are in western part of the country. However the production does not match the increasing population and industrial demand that increases at about 4.7% annually. Western Kenyan highlands have among the highest agricultural potential in the country but low nitrogen (N) and phosphorus (P) in the soil have been identified as the major limiting nutrients for maize production in the region (Marenya and Barrett, 2005; Smaling et al., 1997; Soule and Shepherd, 2000) . This has undermined the ability of many farmers to produce enough food for household subsistence, resulting in chronic food insecurity and persistent poverty.
The soils of this densely populated (500-1,000 people km -2 ) region are severely being mined (Hoekstra and Corbett, 1995) due to non-replenishment of nutrients. A survey conducted in western Kenya indicated that only 31% of farmers apply inorganic fertilizer on maize (Duflo et al., 2006) and nearly none apply sufficient amount. High cost of inorganic fertilizer, low purchasing power of farmers and the restricted access to credit is given as a major reason for its low adoption rate among the farmers (Achieng et al., 2001; Duflo et al., 2006; Hassan et al., 1998) .
In western Kenya, just like other parts of developing countries, smallholder farmers have used organic resources such as animal manure, crop residues and farmyard composts for a long time, and more recently inorganic fertilizers, but many constraints still make these methods of soil fertility improvement inadequate to meet the challenges of soil fertility improvement. There is need to examine systems that could promote sustainable crop production among smallholder farmers. One safe bet is intensive use of organic materials that focus on renewable sources and emphasizes the use of techniques that integrate natural processes such as nutrient cycling, biological nitrogen fixation and soil rejuvenation. Tithonia diversifolia (Hemsley) A. Gray biomass has potential for soil fertility improvement among smallholder farmers.
Commonly known as Mexican sunflower, Tithonia diversifolia is an annual, aggressive leafy weed growing to a height of 3.0 m or more and adaptable to most soils (Jama et al., 2000; Olabode et al., 2007) . In western Kenya, Tithonia is widespread along major roads, boundary hedges, and on wasteand cultivated lands. The abundance and adaptability of Tithonia to various environments coupled with its rapid growth, very high vegetative matter turn-over and near nil investment cost on its production makes it a suitable candidate for soil regeneration among smallholder farmers.
In the last decade, Tithonia has attracted substantial research attention because of the relatively high nutrient concentrations that are found in its biomass and its ability to extract high amounts of nutrients from the soil. Naturally growing wild stands along the roads are more efficient in absorbing nutrients (Liasu et al, 2008) . Olabode et al. (2007) determined tithonia's N concentration as 1.76% (comparable to those of poultry and swine manure); P, 0.82% (compared to cattle manure 0.52%), K, 3.92% (compared to poultry and cattle manure: 1.8 and 0.95%, respectively). Besides, it has low content of lignin (6.5%) and polyphenols (1.6%).
Tithonia biomass has been recognized as an effective source of nutrients resulting in improved yield of Brassica oleraceae in nitrogen limiting soils (Abukutsa Onyango and Onyango, 2002) , okra (Abelmoschus esculentus L.) in fortified tithonia mulch (Liasu et al, 2008) and maize in P-deficient Ferralsol in western Kenya (Jama et al., 2000) . However, information on response of tithonia biomass on Alfisols and Ultisols is scanty. The objective of this study was to investigate the influence of tithonia biomass transfer on maize yield in Alfisols and Ultisols in western Kenya.
MATERIALS AND METHODS
The study site: The study sites were Administrative Divisions of the larger Kakamega District: Lurambi, Ikolomani, Ileho and Shinyalu Divisions (Fig. 1) . In the area, farm sizes range from 0.3-1.0 ha with a mean of 0.5 ha per household. Many households have a few heads of zebu cows although graded dairy cows are also owned by some individuals. The area is characterized by low input low output farming. The average maize yield fluctuates around 1 t ha
The climatic data of the study site is presented on table 1and Fig.1 . The region has a bi-modal rainfall pattern: the long rainy season in March to June and the short season in September to November (Fig. 1) . The high amount of rainfall received annually and intensive cultivation causes rampant soil erosion and leaching, partly responsible for soil degradation. The daily temperatures and solar radiation for the region (Table 1.) are very conducive for production of maize, and indeed, many other tropical crops.
The soils are predominantly Alfisols and Ultisols. Alfisols are relatively high in native fertility as Ca, Mg and K have not been seriously leached. They are responsive to fertilizer application. Ultisols, on the other hand are strongly leached, acidic soils with low native fertility. Both soils are known to be severely deficient in N and P nutrients (Wikipedia, 2008) . Although there are pockets of fertile soil in the region, about 85% of the land is not fertile. Characterization of soils in study site in terms of soil pH and mineral nutrients is presented on table 2. At physiological maturity stage, all maize plants within the net plot in each treatment were counted to give plant population at harvest time. Ten plants, randomly sampled from each plot, were cut at the soil surface. Plant height was taken by measuring the length of each plant from the base of the stem to the tip of the longest tassel branch. Average height of 10 plants was taken as plant height of each treatment. At harvesting, all ears from each net plot were dehusked and the cobs counted. This gave the mean number of cobs per treatment. Field weight was obtained by weighing all ears from each net plot. Ten cobs were randomly sampled and shelled; moisture content of the grain was immediately taken and a sample of the grain packed, labeled and taken to the laboratory for drying. Drying was repeated for several days until moisture content of 13.5% was reached. Shelling percentage was obtained from the 10 shelled cobs by dividing dry grain weight against dry cob (including grain) weight. Field weight, moisture content and shelling percentage were used to calculate grain yield per treatment. Ten sample plants were randomly cut at the soil surface, cobs were removed then stover was chopped into small pieces, weighed and recorded. A sub-sample was taken, weighed and dried continuously in the laboratory until a constant weight was reached. Both sample and sub sample dry weight was used to calculate stover yield for each treatment.
Data was collected on plant population, number of cobs, grain yield and stover yield and subjected to ANOVA using the GenStat-Discovery Edition 3, and means were separated by LSD 0.05 tests to determine significant differences. 
RESULTS AND DISCUSSIONS
Treatment was highly significant (P ≤0.001) on plant population at harvest during both seasons (Table 4) . However, population was low due to periodic heavy rains accompanied by strong winds that caused lodging leading to many plant deaths during both seasons. Apart from the farmer's practice which had a population reduction of 55% during the long rainy season, all other treatments had a reduction ranging from 26-34%. Besides lodging due to strong winds, population on farmer's treatment was further reduced because of wide row spacing.
During short rainy season, tithonia treatment had the lowest percent reduction (13%) in plant population, All other treatments had higher reductions and were not significantly different (Table 4 ). This indicates that tithonia mulch could have a moderating effect on soil temperature such that soil heat did not scorch the seed to affect germination. This is consistent with a study by Spaccini et al (2002) who reported that application of organic residues to soils could buffer soil, increase SOM, improve aggregate ability and enhance water retention capacity resulting in better germination as well as plant growth.
Number of cobs: Soil type had significant effect (P ≤0.001) on number of cobs harvested during the long rainy season (Table 5 ). Alfisols gave higher cob yield compared to Ultisols. On Alfisols, farmer's practice gave the lowest cob number, followed by treatments NPK, tithonia and NP which were not significantly different. Tithonia and Optimal gave 200% and 250% cob yield, respectively, compared to farmer's practice (control). N alone gave about 230% cob yield compared to control. On Ultisols, tithonia and NP treatments were not significantly different on cob yield. N treatment gave only 18% more cob yield over control. Tithonia, NPK and Optimal gave 44, 66 and 99% more cobs over control. N alone gave fewer cobs on Ultisols compared to its (N) contribution on Alfisols, while the contribution of NP and NPK on cob yield was comparable on both soils. This indicates tithonia biomass can provide adequate and balanced supply of required nutrients just as organic fertilizers.
Grain yield: Grain yield from Alfisols was double that from Ultisols (Table 5) . Tithonia had a 102% and 146% grain yield advantage over farmer's practice on Alfisols and Ultisols, respectively. On both soils, yield from tithonia was not significantly different from N, NP and NPK treatments, indicating there is no yield advantage whether farmers use inorganic fertilizer or tithonia. The trend was similar on Ultisols (Table 5 ).
Stover yield: On Alfisols, stover yield from tithonia treatment was not significantly different from N, NP and NPK treatments (Table 5 ). Stover yield from tithonia was two times higher than farmer's treatment.
Optimal treatment gave more than three times stover yield on Alfisols compared to control. Stover yield on Ultisols followed a similar trend as in Alfisols.
During the short rainy season, Ultisols gave significantly higher cob and grain yield compared to Alfisols (Table 6 ). On number of cobs, tithonia gave higher cob yield compared to all inorganic treatments while on Ultisols, tithonia was only significantly comparable to Optimal treatment. On Ultisols, N treatment gave significantly lower cob yield. On Alfisols, the grain yield for treatments N, NP and NPK gave lower yield compared to tithonia treatment; tithonia was significantly similar to Optimal treatment. On Ultisols, tithonia treatment out-yielded all treatments (including Optimal) on maize grain yield.
DISCUSSION:
In both seasons, grain yield from Alfisols were higher than that from Ultisols. Even though both soil types were deficient on N and P, it is evident Ultisols were extremely poorer. However, during short rainy season, grain yield from Ultisols were higher. And more still, tithonia gave highest grain yield. During this season, on Ultisols, tithonia had a 55% yield advantage over N alone; 22% yield advantage over NP, and 7% advantage over each of NPK and Optimal. During the same season but on Alfisols, tithonia had a 30% grain yield advantage over each of N and NP treatments; 13% yield advantage over NPK, and Optimal had only 4% yield advantage over tithonia.
During the long rainy season, while tithonia had a 96% grain yield advantage over control (Farmer's practice) on Ultisols, it (tithonia) had -76% and -25% yield advantage over Optimal and NPK treatments, respectively (meaning Optimal and NPK treatments performed better than tithonia). On Alfisols, tithonia had a 102% grain yield advantage over Farmer's practice. It had a -56% and -6% yield advantage over Optimal and NPK treatments, respectively. There was negligible yield advantage (-4%) over each of N and NP treatments. This study indicates that application of P in P-deficient soils is crucial for enhancement of maize yield. Additional N and K without P did not increase yield of maize significantly. Phosphorus supplied by either TSP or tithonia dramatically increased the yield. This is consistent with the work of Nziguheba et al. (2000) . The result suggests that addition of tithonia either converted part of the non available P forms into available forms, or Alfisols and Ultisols being very acidic (Table 2) , the P added from inorganic fertilizers was transformed into non-available forms. Nziguheba et al (2000) reported a decrease of P sorption from application of tithonia but not from TSP.
Tithonia biomass has dramatic yield advantage when applied on a short season maize crop than on a long season crop. This is because soil moisture, temperature, and aeration regulate soil microbial activity, and hence influence the rate of organic matter mineralization. When soils are cold, saturated with water and low atmospheric temperatures as is usually the case during long rainy seasons (Table 1) , mineralization of organic biomass is low. Hence conversion and release of N and P from tithonia was low during long rainy season.
It has been suggested that use of tithonia be confined to high value crops like vegetables and not maize because of biomass shortage and high labour involved (Jama et al., 2000) . The present study indicates that in regions like western Kenya where household land size is averagely 1.5 acres, with less than half of land usually under maize (Achieng et al., 2001) , it is possible to use tithonia biomass on smallscale maize production. Effectiveness of tithonia on maize production having been confirmed, scientists' concern should be to develop strategies of harvesting tithonia throughout the year so that at the beginning of each planting season, farmers have sufficient biomass to use instead of planting with inadequate inorganic fertilizers, leading to low yield.
CONCLUSION:
Tithonia biomass, supplemented with small amounts of N fertilizer as a side-dress can give maize yields comparable to those applied with exclusively N, P, and NPK. The extra maize yield contributed by fertilizers is not substantial enough to justify their use. With the prices of fertilizers increasing and becoming unaffordable to most smallholder farmers, organic sources like tithonia, being affordable and locally available, can be alternative source of nutrients to increase maize yield.
